DA N I E L VA N M A E K E L B E R G H
F or two decades, researchers have been preparing solid materials that consist of ordered arrays of nanometre-scale particles. By analogy with atomic lattices, the incorporation of traces of particular nanocrystals into these superlattices might allow the materials' properties to be tailored. On page 450 of this issue, Cargnello et al. 1 report the formation of two-dimensional and thinfilm superlattices of cadmium selenide (CdSe) or lead selenide (PbSe) nanocrystals that have been 'substitutionally doped' with nanoparticles of gold or gold-silver alloy -that is, controlled amounts of these nanoparticles have been incorporated so that they occupy lattice sites in the host material. The authors find that this does indeed alter the superlattices' properties in potentially useful ways.
The incorporation of foreign atoms into a host material's atomic lattice is an essential step in the fabrication of materials for communications technology, opto-electronic devices and construction. A classic example is the introduction of arsenic or phosphorus into a silicon crystal -each doped atom forms four bonds with neighbouring silicon atoms and donates its remaining valence electron to silicon's conduction band. This transforms silicon from an electrical insulator to the most widely used semiconductor. But the effects of analogous substitutional doping in superlattices have not been explored.
Nanocrystal superlattices emerged not long after the discovery 2 that chemical synthesis could be used to produce suspensions of nanocrystals in solvents, in which the nanocrystals all have the same size and shape. Superlattices can form from these suspensions through crystallization induced by evaporation of the solvent under controlled conditions 3 . In their work, Cargnello and co-workers mixed a suspension of CdSe (or PbSe) with gold nanocrystals in hexane, and cast it on an immiscible liquid (ethylene glycol), which acted as a substrate on which superlattices could form. In this way, they prepared monolayers, bilayers and thin films of nanocrystals as ordered arrays, which exhibited astonishing regularity over hundreds to thousands of unit cells (the smallest units of a crystal lattice).
Using a careful statistical analysis, the authors demonstrated that dopant gold nanocrystals occupy random positions in the superlattice provided that they are the same size as the host's nanocrystals (Fig 1a) . The chance of each lattice position being occupied by a dopant gold particle can be thought of as a fixed probability, determined by the ratio of the number of gold and semiconductor particles in the suspension from which the superlattice was made. This random occupation results in a uniform distribution, on average, through the superlattice (similar to the atomic dopants in a silicon crystal), and allows the concentration of the dopant to be gradually increased without causing changes to the structure of the host lattice.
Obtaining such a random lattice occupation is far from a trivial achievement, because two other types of structure could have formed. The first alternative could have occurred through phase segregation: the formation of separate arrays of host and dopant nanocrystals (Fig. 1b) . This can occur if the attraction between gold nanocrystals is stronger than that between the host nanocrystals, resulting in crystallization of the former before that of the latter. Cargnello et al. observed that phase segregation does indeed occur if the two types of nanocrystal differ in size. The second alternative is the formation of a binary superlattice -a well-defined crystal structure consisting of two sublattices, in which the two types of nanocrystal occupy specific positions 4, 5 (Fig. 1c) . In fact, the ordered arrangement of dopants in such binary superlattices can be thought of as being the structural opposite of the random dopant arrangements in the solid solutions reported by Cargnello and co-workers.
Perhaps the best way to understand the observed randomness is to start from a model that considers the nanocrystals as spherical particles that do not attract each other in the suspension. This is a realistic assumption, because the particles are capped with organic molecules that are similar to the hexane molecules used in the starting nanocrystal suspension -which 
C O L E M . H AY N E S
I n an endosymbiotic event that occurred more than one billion years ago, a bacterium was engulfed by a cell, and eventually became an organelle -the mitochondrion. Over time, most of the roughly 1,000 genes that encode mitochondrial proteins were transferred from mitochondria to the nucleus, and are now translated into proteins in the intracellular fluid known as the cytosol. A crucial import mechanism then ensures that these proteins end up in the appropriate locations within mitochondria. Now, two complementary studies 1,2 in this issue provide insight into the consequences of inefficient import of mitochondrial proteins -their accumulation in the cytosol -and demonstrate that the cell undergoes several adaptive responses to mitigate the toxicity caused by such accumulation.
Mitochondria not only act as signalling hubs, but are also responsible for generating most of the cell's energy. Defects in mitochondrial function often arise with ageing, or in diseases associated with neuromuscular degeneration, including Parkinson's disease and amyotrophic lateral sclerosis. In these settings, mitochondrial dysfunction is thought to contribute to cell dysfunction and ultimately death, either by causing abnormal energy production or by initiating a cell-death program known as apoptosis. But could cell death that is related to mitochondrial dysfunction instead arise owing to an unknown or unanticipated effect on other essential cellular compartments or activities?
In the first study, Wang and Chen 1 (page 481) used an unbiased screening approach to identify 40 genes that prevent cell death when overexpressed in cells harbouring damaged mitochondria. None of the proteins encoded by these genes are mitochondrial. Instead, almost all reside in the cytosol, suggesting that mitochondrial dysfunction may alter essential cytosolic functions -a previously unknown effect. Indeed, some of the identified proteins are known to decrease the rate of cytosolic protein synthesis, or to promote protein degradation in the cytosol.
Wrobel and colleagues 2 (page 485) took an alternative approach in the second study, analysing all the RNA transcripts and proteins that are altered in cells in which mitochondrial import is impaired. Strikingly, expression and production of many of the genes and proteins required for protein synthesis were reduced, as was overall protein synthesis. Furthermore, the activity of the proteasome (a large complex that degrades proteins in the cytosol) was increased, as were levels of proteasome assembly factors and chaperone proteins 3, 4 . Both studies demonstrate that mitochondrial precursor proteins accumulate in the cytosol when mitochondrial function is perturbed. Interestingly, the proteins are degraded relatively quickly in the cytosol, compared with when they are imported into mitochondria. Combined with the studies' findings that proteasome activity increases when mitochondria are damaged and has a protective role in this setting, these data suggest that the accumulation of mitochondrial proteins in the cytosol means that the solvent screens the interactions between the capping molecules of two adjacent nanocrystals, leaving only weak attractions between the particles' cores 6 . If these core-core attractions are either very small or similar in magnitude for the host and the gold nanocrystals, then random mixing without segregation might be expected, provided that both types of nanocrystal are the same size. However, the authors note that a subtle competition between random doping and segregation occurs, depending on the length of the capping molecules, for instance. This suggests that the model described above is too simple.
One of the forces driving the extensive research on nanocrystal superlattices is the prospect of designing materials that have currently unavailable optical, electronic or magnetic properties arising from quantum mechanical [7] [8] [9] 
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